Deliveries of edible, endemic amphibians to a restaurant in eastern Madagascar were monitored over a five-month period in the 2008 austral summer. Each frog collector was interviewed on arrival and information was obtained on collection locality, methods, frequency, as well as recording the number of frogs delivered. A total of 3,233 frogs were delivered to the restaurant during the study, averaging 249 per week. All of the 21 interviews concerned frogs collected in forest habitats at night by teams of between one and three people. Collection occurred in four localities, one of which (Fierenana) necessitated public transport to deliver the frogs. Effort at Fierenana was typically higher than at other sites with collectors frequently spending at least one night in the forest and traveling around 8.3 hours between their homes and forest collection locations. Income generated went directly to the collectors, who always delivered the frogs in person, and supply was determined by their available time, frog abundance, and weather conditions. Although the restaurant had no stated minimum quantity for purchase, small frogs were refused and collectors aimed for a minimum of 60 large frogs per delivery. The income generated by local amphibian collectors at Fierenena was similar for non-threatened edible species destined for domestic consumption (0.29 US$) and the Critically Endangered Mantella milotympanum collected for overseas export (0.32 US$). The harvest of edible frogs provides important income for individual hunters but additional study is needed to investigate its impact on frog populations and to develop methods to link sustainable collection practices with forest management.
Introduction
Since 1994, more than 233,893 Mantella poison frogs have been collected from the forests of Madagascar for international export in a trade regulated by the Convention on International Trade in Endangered Species (CITES) [1] . By contrast, the extent of collection of endemic edible frogs from Madagascar's forests for the domestic food trade is poorly understood, although there is evidence for a high demand [2] . In a recent assessment, 25% of Madagascar's amphibians were considered threatened with extinction, with deforestation the main menace [3] . The collection of 11 species from the wild for international export was considered a potential threat for only a few taxa [3] . However, as current international quota are mostly conservative and only a few species are highly sought after, the impact of this harvest was considered negligible [3] . Three endemic amphibian species are known to be regularly collected for the domestic food market in Madagascar: Mantidactylus grandidieri, Mantidactylus guttulatus, and Boophis goudoti, and all require forest vegetation and riparian microhabitats to survive. Although these species have a wide distribution they are certainly declining as the native forest recedes in the face of expanding agriculture [5] [6] [7] . The extent to which the collection of edible frogs is exacerbating declines associated with forest fragmentation and degradation is unknown, but there is some concern that local harvests may be unsustainable [4] There is very little known about the ecology of Madagascar's large edible amphibian species [8] . Similarly, there are few data on the geographical extent of the commercial collection or the impact it has on edible amphibian populations and peoples' livelihoods. Indeed, this reflects a global pattern whereby more data are available on the international trade in amphibians (for food and pets) than for domestic food markets [9] [10] . Jenkins et al. [2] suggested that the income to some rural people in Madagascar from amphibian collection was important, but there were no data available on the magnitude of the harvest. In this study we report on five months monitoring of the trade in edible frogs in a town in eastern Madagascar, which was undertaken as a pilot study to develop a longer-term project to track the exploitation of edible frogs.
Methods
The study was undertaken in Moramanga (18°57'S; 48°13'E), Alaotra Mangoro Region, in eastern Madagascar and was performed between January and May 2008. We conducted 21 interviews with collectors as they delivered frogs to a restaurant in this town that serves a mixture of Malagasy, Chinese, and European cuisine. The restaurant owner contacted our project team when the collectors arrived and interviews usually commenced within 30 minutes. Full interviews were performed by the same person (AR) but on occasions of his unavailability, basic information was collected by the restaurant owner (CTWMA). The number of individual frogs in each delivery was counted. There is taxonomic uncertainty surrounding the status of M. guttulatus and M. grandidieri, and we did not try to distinguish between them during this study. Rapid assessments were made to search for the presence of B. goudoti and the introduced Hoplobatrachus tigerinus but this was not always possible because we had to work within strict time limits imposed by the restaurant owner to reduce any interference in the frog processing which was done by the collectors.
Collectors were not asked their names and so all respondents were effectively anonymous. In a small number of cases (n = 1-3), we may have obtained information from questions 1-8 from the same hunting team on more than one occasion. All monetary information is quoted in US$ based on the conversion rate of 1 US$ = 1,400 Malagasy Ariary (MGA). 
Results
A total of 3,233 frogs were delivered to the restaurant during our study at an average of 249 per week. The collectors was paid 0.29 US$ (400 Ariary) per frog. All deliveries that were checked consisted of Mantidactylus species (M. guttulatus or M. grandidieri). Although we collected data continuously throughout the study period there were no deliveries between the 19 th March and 20 th April 2008 because of cyclone "Ivan," and our data therefore span 13 weeks.
Twenty-one interviews were conducted during the study and 62% of the hunters had collected the frogs in Fierenana, 19% in Mangabe, 14% in PK 35 and 5% in Lakato. These localities are located to the northeast, southwest, south, and southeast of Moramanga town, respectively, with Fierenana the farthest from the restaurant (Fig. 1) .
The time between the onset of hunting and delivery varied between one and five days, with two (14%) and four days (24%) the modal categories. This duration varied according to locality, and mean duration was longest at Fierenana and shortest at Mangabe (Table 1) . Collectors at Fierenana, however, also spent longer in transit between their homes and collection localities and usually stayed at least two nights in the forest (Table 1 ). This was also evident in the total number of hours spent per collection visit because only hunters at Fierenana averaged more than 10 hours, while hunting sorties in the other forests lasted a single night and usually less than seven hours (Table 1) . Hunting teams consisted of a mean of 2.1 people, and were smallest at PK 35, but there was no indication that teams were notably larger in Fierenana than the other forests. Table 1 . A summary of the collection effort used by edible-frog hunters in four forest localities in eastern Madagascar; samples sizes in parentheses.
All of the 15 hunters who described the habitat, collected frogs from inside humid forest. For hunters who supplied information, all (n = 17) collected frogs at night, and nine used a battery powered torch, while the remainder used a combustible tree as a torch (hazo hatao jiro ala). After collection all respondents who provided information reported that they returned to their houses before traveling on to Moramanga to sell the frogs.
The duration of travel from the collectors' houses to Moramanga varied as a function of distance and mode of transport. All hunters from Fierenana traveled on foot and then by public transport (taxi brousse) on journeys that averaged 18 hours ( Table 2 ). These hunters therefore incurred transport costs of between 3.5 US$ and 10.7 US$ for the round trip. Collectors paid one-way bus trips (3.5 US$) and obtained free transport on the return journey from passing trucks, or paid for two-way bus trips (7.1 US$). Sometimes, collectors from Fierenana also needed to pay the services of a porter between their home and bus station (3.5 US$). We did not obtain satisfactory information on the average number of deliveries made by each hunter. The collectors rarely replied to this question with a succinct and quantitative answer, preferring long explanations that were difficult to understand and standardize. We were however able to obtain some information on the factors that determined the number of hunting trips (17 out of 21 interviewees). Seven reported that the main limiting factor on the frequency with which they collected frogs was the opportunity cost of their time because of conflict with other activities such as farming. Nine collectors reported that they would collect more often if the frog abundance was higher and two cited that they only collected according to orders received from restaurants. A mean minimum of 60.3 ± 4.2 animals we deemed necessary before a hunter considered traveling to the restaurant in Moramanga, but this was lower from the farthest site (54.4 ± 2.4 animals, n = 9, Fierenana) than PK 35 (65.0 ± 7.6 animals, n = 3). The mean number of frogs delivered to the study restaurant was 153.9 ± 17.5 (range 70-420). This varied monthly and there appeared to be a decline during the study period when collection effort was accounted for (Table 3) . Table 3 . Mean number of edible frogs per delivery (± SE) and number of deliveries (in parentheses) to a restaurant in eastern Madagascar between January and May.
The mean income per delivery was calculated by multiplying the quantity of frogs in each delivery by the standard price (0.3 US$) per edible frog paid by the restaurant to collectors in 2008. Each delivery therefore generated a mean of 43.9 ± 5.00 US$ for collectors. The income for collecting teams from Fierenana was higher than from Mangabe or PK35, even after deducting the public transport costs (Table 4) . However, after also controlling for the number of collection nights per hunting trip, deliveries from Fierenana generated the least revenue per person. Table 2 .
Collecting locality

Discussion
The demand for edible frogs in Madagascar comes mostly from restaurants that sell frogs' legs as culinary delicacies for snacks or first courses and is widespread across the island [2, 4] . Although a significant part of the supply comes from the introduced H. tigerinus [2, 4] our study has demonstrated that in Moramanga at least, there is regular collection of endemic edible frogs. Large size is the main criterion used by frog collectors in Madagascar (Fig. 2) and, although in Indonesia taste preferences have been reported for endemic over edible frogs [9] , there is no evidence yet of this operating in Madagascar. An average of 249 frogs per week were delivered to the restaurant in our study, but because of reported seasonal differences in hunters' effort, it is difficult to extrapolate this over a 12-month period and between seasons. Nevertheless, it seems reasonable to estimate that a minimum of 4,980 frogs are delivered to the study restaurant during the 20-week peak collection period between December and April each year. If we assume that two of the other restaurants in Moramanga also receive similar quantities of edible frogs, then a minimum of 14,940 frogs are delivered to Moramanga during the peak collection months. In monetary terms, this total equates to 4,332 US$ (0.29 US$ per frog) income for the collectors. The value of a single frog to the restaurant is 0.9 US$ and 14,940 frogs would generate 13,339 US$ income. Edible-frog collectors exert control over which restaurant they deliver to and always make the transaction in person; a system that is notably different for amphibians collected for the pet trade in Madagascar or for the food trade in Indonesia where intermediaries are involved [1, 9] .
The sustainable exploitation of the reptiles and amphibians of Madagascar for international export markets is viewed as a legitimate way of generating income from biodiversity [11] but less attention has been given to the economics of the edible-frog market. Although the international trade of Malagasy amphibians is an important source of foreign currency (250,000 US$ 2001-2003 for Mantella) [1] , because of the presence of intermediaries, who are often professional collectors, the people who live in and around the collection site either receive no financial benefit or only a very small proportion (< 1%) of the amphibians' final retail value [1] . Table 5 Current values of commercial amphibians from Fierenana. The relative differences between each part of the commodity chain were calculated from median values in Rabemananjara et al. [1] . US (United States of America), MG (Madagascar). *www.fullspectrumexotics.com/frogs/mantellas.html ** Rabemananjara et al. [1] .
The forests in the Fierenana area are currently the only known collecting locality for the critically endangered Mantella milotympanum, a small, bright-orange frog, which has an annual CITES export quota of 1,000 animals. Assuming a full quota is exported at the June 2008 retail value in the US (ca. 40 US$), the annual quota is worth 40,000 US$. Based on the relative values in the commodity chain for M. milotympanum given by Rabemananjara et al. [1] a locally-based collector could expect 0.95% of the US retail value, which would amount to 0.32 US$ per animal in 2008 (Table 5 ). The annual collection quota for M. milotympanum in 2008 could therefore generate 320 US$ (1,000 x 0.32 US$) for local collectors. If the additional 10% is included that exporters usually add to orders to compensate for mortality, the total becomes 352 US$. This figure is a maximum because sometimes the "intermediaries" conduct the collection and local people are not involved at all. Based on our data, 353 US$ is equivalent to between seven and eight average-sized deliveries of Mantidactylus edible frogs. To the individual collector, a single M. milotympanum is worth 0.32 US$ and a single edible frog is worth 0.29 US$ (Table 5) . Mantella collectors respond to seasonal orders from intermediaries and exporters and the quantity of frogs collected is related to the annual CITES quota [1] . Collectors of edible frogs respond to a constant demand from restaurants and there is no apparent external influence on the quantity harvested, even though it is only legally permitted between February and May [12] . Collectors of frogs for export receive 1% of the final retail value, while collectors of edible frogs receive 17% of the price that frogs' legs are sold for in Moramanga. It therefore appears that the domestic edible-frog trade makes a more significant contribution to local livelihoods than There were clear differences in collection effort between the two closest sites to Moramanga and the farthest site at Fierenana. Collectors in the latter site appeared to use significantly higher effort for marginally higher, or even lower, returns. It is not clear whether the economics of collecting edible frogs in Fierenana is influenced mainly by the distance to Moramanga or the distance from the collectors' homes to the forest, as both were longer than reported at the other sites. Furthermore, it was unclear from our questionnaire whether the collectors were involved in the trade of other animal species, and this too could profoundly influence the economics. A range of fauna is collected legally from the forests in the Moramanga District, including crayfish, eels, crabs, and tenrecs for food, and amphibians, day geckos, and leaf-tailed geckos for international trade. A better understanding of the commercial value of forest fauna in eastern Madagascar, for domestic and international markets, is needed so that future management plans can incorporate sustainable harvesting and promote equitable income generation for communities.
Implications for conservation
Given the importance to livelihoods of the income generated from edible frogs, it is advantageous to collectors, as well as to conservation biologists and restaurateurs, to protect the remaining forests and amphibian populations. While we were unable to georeference the collection sites, it seems that two, Fierenana and Lakato, are inside a recently created protected area (Corridor Zahamena Ankeniheny) and two others inside a recently proposed protected area (Mangabe and PK 35). Local communities in these sites are being encouraged to take responsibility for managing the forest in line with the needs of ecosystems, culture, landscape, biodiversity, and livelihoods. The opportunity therefore exists to integrate edible-frog collection as a permitted sustainable activity within certain forest zones. And while there is an obvious need for more data and over a longer time period, we are in favor of establishing a closer link between the income generated from the edible frogs and community groups charged with forest management. In the longer term, it might be beneficial to make a more thorough assessment of H. tigerinus as a mini-livestock species in Madagascar [13] , because an increase in the supply of this species may reduce the demand for edible endemic species [4] . Because the natural history of the large Mantidactylus edible frogs is poorly understood (e.g., the eggs and larvae have yet to be described by herpetologists [M. Vences pers. comm.]), it is difficult to consider the impact of the harvest on population structure. These frogs are thought to inhabit streams in closed humid forest and the degradation of these habitats is surely a threat to both the amphibians and the income that they generate for collectors. Conversion of the humid forest for agriculture is the main cause of habitat loss and it will be important to understand the impact of this on the edible-frog populations and collector livelihoods.
